The monitoring of population structure, inbreeding and other related parameters has great potential to prevent major losses of genetic diversity in populations of Zebu cattle in Brazil. Therefore, the objective of the present study was to investigate the structure and genetic diversity of Brazilian Zebu cattle breeds by pedigree analysis. The national pedigree file of the seven Brazilian Zebu breeds was used, which included all registered animals (12,290,243) born between 1938 and 2012: Brahman, Gir, Guzerá, Indubrasil, Nelore, Sindi, and Tabapuã. Almost all breeds studied undergo expansion in their census which, however, is not accompanied by the maintenance of genetic diversity. Problems were encountered in all breeds, but most of them can currently be considered less important. Using the calculation method considered as the most accurate for pedigree analysis when some population substructure exists, all breeds, except Sindi, had effective population size greater than 100. The most common problems were the presence of tight bottlenecks in the pedigree, which were mainly due to the intensive use of few animals as parents and the high degree of population subdivision. The use of a wider range of sires is therefore recommended. However, most Zebu breeds can deal with breeding programs using high selection intensities. Greater care should be taken in the case of the Indubrasil breed since its census was reduced drastically over the last few years, a fact favoring the occurrence of serious problems related to inbreeding. Although Sindi presents problems due to subdivision and possesses a relatively small census compared to other Zebu breeds, this population would have a promising future if its breeding policy were revised.
Introduction
Zebu cattle breeds (Bos indicus) play an important role in meat and milk production in (sub)tropical countries, particularly in Brazil. An estimated 80% of the 210 million cattle raised in Brazil are pure or crossbred Zebu animals. The undeniable adaptation of Zebu breeds to high temperatures and low-quality pastures and their resistance to parasites strongly contributed to the extensive dissemination of these breeds in Brazil. Zebu cattle were first introduced in Brazil in 1875 through several imports that brought 6262 animals of Indian origin. The first animals were officially performed, but these studies are often restricted to subpopulations of a single breed Peixoto et al., 2010; Reis Filho et al., 2010) . Practically all studies conducted on Zebu cattle in Brazil indicate problems such as a reduced effective size, bottlenecks in the pedigree, an increase in average inbreeding (Faria et al., 2009; Malhado et al., 2009; Peixoto et al., 2010) , and even the risk of extinction . Therefore, the objective of the present study was to investigate the structure and genetic diversity of Brazilian Zebu cattle breeds by pedigree analysis.
Material and methods

Breeds and pedigree data
The national pedigree file of the seven Brazilian Zebu breeds was used, which included all registered animals (12,290,243) born between 1938 and 2012: Brahman (BRA), Gir (GIR), Guzerá (GUZ), Indubrasil (IND), Nelore (NEL), Sindi (SIN), and Tabapuã (TAB) ( Table 1) . Pedigree data were obtained from the herd book of Zebu Breeds stored by the Brazilian Association of Zebu Breeders (ABCZ), Uberaba, Minas Gerais, Brazil. The breeds studied differ in terms of selection purpose and formation. In general, the BRA, NEL and TAB breeds are selected for meat production, GIR selected for milk (mainly) or milk and meat, SIN selected for milk production, GUZ selected for meat, milk or both, and IND selected for meat (mainly) or meat and milk. The BRA is a Zebu breed developed in the United States from the cattle imported from India and Brazil. The breed was officially introduced in Brazil in 1994 by the importation of animals from the United States. The GUZ, NEL, and GIR breeds had an important influence on formation of BRA. The IND breed was formed by crossings mainly between GIR and GUZ animals from 1930 to 1940. The TAB breed was formed around 1940 by crossings between polled cattle of European origin ('Mocho Nacional') and animals of Indian origin, mainly NEL, GUZ and GIR. As mentioned earlier, the GIR, GUZ, NEL and SIN breeds were introduced in Brazil mainly by imports from India. In the present study, no differentiation was made between polled and horned animals within each breed studied.
Pedigree analysis
The analyses were performed using the EVA (Berg et al., 2006) , PEDIG (Boichard, 2002) with modifications made by Gregoire Leroy to compute effective population size based on coancestry, and CFC (Sargolzaei et al., 2006) softwares. All parameters were computed for the reference population of animals born from 2005 to 2012. This definition is equivalent to animals born in the last generation interval.
The number of equivalent complete generations (ECG) traced was computed as the sum over all known ancestors of the terms (1/2 d ),
where d is the ancestor's generation number, which is equal to one for the parents, two for the grandparents, etc. (Maignel et al., 1996) . Effective population sizes were estimated on the basis of individual rates of inbreeding ΔF i (González-Recio et al., 2007; Gutiérrez et al., 2009) and coancestry ΔC ij (Cervantes et al., 2011) , considering: ECG ¼ equivalent complete generations; MAXG ¼ maximum number of generations traced back in the pedigree; F¼ inbreeding coefficient; MAXF ¼maximum F; C¼ coancestry coefficient; α ¼degree of nonrandom mating; NeFi¼ effective population size based on individual inbreeding rate; NeCi¼ effective population size based on individual coancestry rate; S¼ NeCi/NeFi; ne¼ number of founders; fe¼effective number of founders; fa ¼ effective number of ancestors; fg ¼ effective number of founder genomes; GD*-GD¼ loss of diversity by genetic drift accumulated over nonfounder generations; 1-GD* ¼ loss of genetic diversity due to the unequal contributions of founders; 1-GD¼ genetic diversity lost in the population since the founder generation; A25, A50, A75 ¼ numbers of ancestors explaining a given percentage of the gene pool; 1000A ¼ percentage of the gene pool explained by the first 1000 ancestors.
where F i is the inbreeding coefficient of individual i, C ij is the coancestry coefficient between individuals iand j, and t i and t j are their respective ECG. Finally, the following formulas were used:
. The number of equivalent subpopulations was computed as described by Cervantes et al. (2008) :
The degree of nonrandom mating was measured by the correlation of genes within individuals relative to the correlation of genes taken at random from the population (α) as done in the study of Caballero and Toro (2000) . This coefficient gives an indication of the degree of deviation from Hardy-Weinberg proportions and is related to the previous inbreeding coefficients by Wright, 1969) . Inbreeding coefficients of animals born in each year were split into two parts called old (F_old) and new (F_new) inbreeding. New inbreeding was defined as the period of the three first generations and the old inbreeding resulted from the difference of the total inbreeding coefficient taking into account all pedigree information and new inbreeding of each animal. The contributions of nodal common ancestors to inbreeding, i.e., which form inbreeding loops, were computed according to Colleau and Sargolzaei (2008) . The expected marginal contribution of each major ancestor j was computed as its expected genetic contribution, independent of the contributions of the other ancestors (Boichard et al., 1997) . The number of founders (f e ) and ancestors (ƒ a ) was obtained to evaluate the concentration of the origin of both animals and genes. Parameter f e was defined as the number of equally contributing founders that would be expected to produce the same genetic diversity as observed in the population under study (Lacy, 1989) . When founders contribute to the reference population more equally, the effective number of founders is higher. This parameter was calculated as
2 , where q k is the probability of gene origin of founder k. Parameter f a is the minimum number of ancestors, not necessarily founders, explaining the complete genetic diversity of a population. This parameter complements the information provided by the effective number of founders by accounting for the losses of genetic variability caused by the unbalanced use of breeding individuals producing bottlenecks. This parameter was calculated as
2 , where q j is the marginal contribution of ancestor j, which is the genetic contribution made by an ancestor that is not explained by other ancestors chosen before. The founder genome equivalents (f g ) can be defined as the number of founders that would be expected to produce the same genetic diversity as observed in the population under study if the founders were equally represented and no loss of alleles occurred (Ballou and Lacy, 1995) . Following Caballero and Toro (2000) , parameter f g was obtained by the inverse of twice the average coancestry of the individuals included in a pre-defined reference population. The effective number of non-founders (f n ) accounts for the effects of genetic drift in non-founder generations. This parameter was computed by the following expression proposed by Caballero and Toro (2000) :
The genetic diversity (GD) in the reference population was computed as: (Lacy, 1989 (Lacy, , , 1995 . In domestic populations, bottlenecks and genetic drift occur frequently and lead to loss of genetic diversity. The genetic diversity lost in the population since the founder generation can be estimated by − GD 1 . The loss of genetic diversity due to unequal contributions of founders was estimated by − * GD 1 , where (Caballero and Toro, 2000) . The difference between GD and GD * indicates the loss of genetic diversity due to genetic drift that had accumulated since the founding of the population (Lacy, 1995) . Thus, this difference can be expressed as:
The generation interval (GI) was defined as the average age of the parents at the birth of their progeny that were subsequently kept for reproduction. Average trends of GI were estimated by regressing means of GI of animals by birth year using all historical data available.
Results
Pedigree completeness level, demographic parameters, and generation interval
All Brazilian Zebu cattle breeds exhibited an increase in pedigree knowledge over the years as shown in Fig. S1 . Notably, the equivalent complete generations (ECG) was higher in the BRA breed, with a value close to 8 in 2012. According to the number of ECG calculated for animals of the reference population, the level of pedigree knowledge was high for BRA, intermediate for GUZ, IND and NEL, and low for GIR, SIN and TAB (Table 1 ). The maximum number of generations traced reached the highest values in BRA (30) and NEL (24), intermediate values in GIR, , and the lowest values in SIN and TAB (13) ( Table 1 ). The number of animals born per year has been increasing in most breeds, particularly after 2000, except for IND (Fig. S1 ). In the latter case, fewer than 300 animals had been registered in 2012, while this number ranged from approximately 1700 (SIN) to 347,000 (NEL) animals for the other breeds. In the IND breed, a reduction in the number of records of approximately 63% has been observed in the last decade alone.
The average generation interval (AGI) in Zebu breeds ranged from 6.95 (BRA) to 9.78 years (IND), as shown in Table 2 . The trend in annual change in AGI using all historical data available was positive for all breeds, with an estimated annual increase of 2.43 (BRA) to 12.17 days (IND). The AGI for different pathways (sireprogeny, dam-progeny, sire-son, sire-daughter, dam-son, and dam-daughter) were almost always longer for IND ( Table 2 ). The sire-progeny AGI (7.14-11.36 years) was always longer than the dam-progeny AGI (5.20-7.96 years) for all breeds. As expected, the age of sires and dams at reproduction was also higher for IND, followed by GIR, NEL, GUZ, TAB, SIN, and BRA. The percentage of breeding sires with more than 10 or 15 years was consistently higher in the IND breed. The percentage of breeding dams with more than 10 or 15 years was higher in the GIR breed. The percentage of registered males was lower in the SIN and GIR breeds. In GIR, the percentage of registered females accounted for almost 60% of all registered animals. The cow to bull ratio was much higher in NEL (31.82), followed by TAB (22.77), BRA (17.23), and GUZ (15.46). The number of cows per bull ranged from 8 to 11 in the GIR, IND, and SIN breeds.
Inbreeding, coancestry, and effective population size
The average inbreeding coefficient ranged from 2% to 3% in most of the breeds studied, except for the IND breed in which the inbreeding coefficient was higher than 6% (Table 1 ). The percentage of non-inbred animals ranged from 11% (GUZ) to about 40% (SIN). The percentage of animals with an inbreeding coefficient higher than 25% was much higher in IND (3.07%) and SIN (1.74%) than in the other breeds (0.22-0.58%). Mean coancestry was higher for the BRA, NEL and SIN breeds (2.42-2.85%). As can be seen in Fig. 1 , average inbreeding has been increased over the years in some of the breeds studied. In the GIR breed, average inbreeding had increased considerably until 1998, reaching a value of 3.55 in 1998 and decreasing markedly thereafter. Similarly, the SIN breed had the highest average inbreeding in 2001 (11.42%), followed by a sudden decrease. In the GUZ and NEL breeds, a reduction in average inbreeding was observed by 2003 and an increase in the following years. In the case of the IND breed, there was a consistent increase in the average level of inbreeding until 2000, followed by fluctuations in the last decade. Over the last few years, mean coancestry has exceeded or is close to exceeding average inbreeding in the BRA, GIR, NEL, SIN, and TAB breeds (Fig. 1) . The averages of F_old and F_new as percentage of the total inbreeding were 24 and 73% (BRA), 12 and 88% (GIR), 17 and 83% (GUZ), 12 and 88% (IND), 8 and 92% (NEL), 7 and 88% (SIN), 6 and 94% (TAB), respectively. For all breeds, the F_new has been reduced over the years (Fig. 2) . BRA was the breed with lower level of F_new. GUZ was the breed with the highest reduction of F_new. Only in the 2000s, SIN showed a important divergence between F_new and F_old. SIN showed the highest peaks of increase in inbreeding, followed by IND and GIR. In contrast, BRA showed a smaller increase in inbreeding over the years.
The NeCi ranged from 84.2 (SIN) to 199.6 (IND), whereas NeFi almost always presented lower values ranging from 37.4 (SIN) to 158.5 (BRA) ( Table 1 ). The S was higher in IND (4.95) and much lower in BRA (0.96). As shown in Fig. 3 , NeCi had decreased or had remained constant in most breeds in recent years, except for the SIN breed that showed a substantial increase over the last 20 years. In contrast, NeFi tended to increase in most breeds over the last few years.
Population structure, breeding policy, and degree of nonrandom mating
The S assumed high values of 8-10 in the BRA, GIR, GUZ, and IND breeds at different times during the history (Fig. 3) . However, in most breeds the value of S has stabilized or has begun decreasing in recent years. Thus, in the last decade, breeding policies of the studied breeds tended to avoid the subdivision. In BRA, it is observed that practically all animals are equally likely to mate with any individual of the opposite sex (S very close to 1 in recent years). GIR, GUZ, and IND showed breeding policy predominantly intra-herd between 1970 and early 2000s. NEL, TAB, and particularly SIN, showed breeding policy based on the abusive use of some individuals as breeding animals. The degree of nonrandom mating was higher for IND (4.4%) and SIN (1.96%) than for the other breeds. In all breeds (except for IND), the degree of nonrandom mating tended to decrease or was close to zero in the last decade (Fig. 1) .
Probabilities of gene origin and loss of genetic diversity
The NEL and SIN breeds exhibited the lowest values of fe, fa, and fg (Table 1 ). The fe was much higher in BRA (281.9) than in any other breed. The fa was lower in SIN (26.98) and higher in GUZ (69.87). In contrast, fg was lower in SIN (17.72) and higher in IND (37.36). Thus, in the case of Brazilian Zebu cattle breeds, 17.72-37.36 unrelated founder genomes would be necessary to explain the genetic diversity observed in the respective reference populations of each breed. Analysis of the values of fa/fe and fg/fe showed the presence of bottlenecks in the pedigree of all breeds, with these values ranging from 0.08 (BRA) to 0.77 (NEL). The loss of genetic diversity due to genetic drift accumulated over nonfounder generations (GD*-GD) was more important than the loss due to unequal contribution of founders (1-GD*) in almost all breeds, corresponding to 92. 34, 71.11, 75.0, 77.61, 47.29, 58 .87 and 59.42% in BRA, GIR, GUZ, IND, NEL, SIN and TAB, respectively (Table 1) . For animals belonging to the reference population, the loss of genetic diversity since the founder generation (1-GD) did not reach 3%. However, as can be seen in Fig. 4 , the loss of genetic diversity tends to increase in the next few years. The trends observed for fe, fa, and fg are a reduction in almost all breeds. In the SIN and NEL breeds, the estimates of these parameters did not undergo a marked reduction in the last 5 years (Fig. 4) .
Contributions of ancestors to the gene pool and to inbreeding
Few ancestors were responsible for a high percentage of the gene pool, e.g., 11-32 ancestors explained 50% of the gene pool of the reference population of all breeds (Table 1) . 1990, 1984, 1984, 1988, 1963, 1931 and 1987 in BRA, GIR, GUZ, IND, NEL, SIN and TAB, respectively. As can be seen in 
Discussion
Pedigree knowledge has increased annually in all Zebu breeds studied (Fig. S1, Table 1 ). BRA was the Zebu breed that presented the best known pedigree (number of ECG of 7.23 and maximum number of generations traced of 30). This finding is probably due to the fact that this breed was imported from the United States where the herd book was established in 1924 (years before the creation of the herd book of Zebu breeds in Brazil). The SIN and TAB breeds presented the lowest level of pedigree knowledge among the breeds studied (Table 1) . However, the number of ECG in these breeds has increased almost linearly over the last few years (Fig. S1 ). The number of animals born has also increased considerably in all breeds, except for IND (Fig. S1) . A drastic reduction in the number of IND animals born has also been reported by Vercesi et al. (2002a) for the IND breed and by Carneiro et al. Peixoto et al. (2010) for a GUZ subpopulation selected for milk production (7.48 years), and by Caires et al. (2012) for TAB (7.3 years). Notably, the generation intervals were always longer for IND animals, reflecting the problems related to the drastic reduction in the census of this breed in recent years, which delays the replacement of animals in the herds. Vercesi et al. (2002a) obtained an AGI of 7.45 years for the IND breed between 1994 and 1998, while the current AGI of this breed was 9.78 years ( Table 2) . From the point of view of genetic improvement of the breed, this strong trend could be a matter of concern since the genetic progress of this population may be slower. A significant trend towards an increase of AGI over the years studied was observed in all Zebu breeds, demonstrating the low utilization of young sires despite the existence of incentive programs from some Brazilian institutions. Since breeding programs exist for most Zebu breeds, this trend can somehow be compensated by the use of elite sires with high accuracy. In terms of conservation of genetic diversity, long AGI prevent the rapid accumulation of inbreeding and genetic drift. The AGIs were more influenced by longer sire-progeny intervals. According to Santana et al. (2014) , this is the result of the use of elite/famous sires with high accuracy as fathers of the next 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 generation. Except for SIN, all breeds had longer sire-son AGI, demonstrating the slow replacement of males. The use of females older than 10 years as dams was more evident in GIR, since an important proportion of this population is selected mainly for milk production and cows therefore tend to remain for a longer period of time in their respective herds. The breeds containing a higher proportion of registered females were those used mainly for milk production (GIR and SIN). This may be evidence of selective registration of animals and use of sexed semen. The cow/bull ratio varied widely from one Zebu breed to the other. This finding was due in part to differences in reproductive management, the use of reproductive biotechnologies, and the selection intensity imposed. Average inbreeding in the BRA breed was much higher than that reported by Faria et al. (2010) (0.49%); however, these authors used records of only 8560 animals from 2002 to 2005. According to Perez O'Brien et al., (2015) , BRA exhibited a moderate taurine ancestry which is consistent with the known taurine introgression during the formation of the breed. This finding helps to explain lower levels of inbreeding over the first years after the arrival of this breed in Brazil. In contrast, Perez O'Brien et al., (2015) concluded that NEL and GIR populations are of almost pure indicine ancestry regarding their autosomal genome. For BRA, there was a trend towards an increase in the average level of inbreeding, parallel to the increase in mean coancestry seen over the last few years (Fig. 1) . As a consequence, the degree of nonrandom mating in this breed has been negative for more than a decade, but tended to increase over the last few years. As shown in Table 1 (animals belonging to the reference population), BRA showed one of the lowest degrees of subdivision (value of S close to 1) among the populations studied and, logically, the estimates of effective population size (NeFi and NeCi) were similar in recent years. The effective population sizes obtained here for the BRA reference population were lower than that reported by Faria et al. (2010) (184). However, these estimates can vary widely depending on the method used for the calculation of effective population size (Leroy et al., 2013) . For pedigree analysis of domestic populations in wich the pedigrees are minimally depth, exist higher or lower degree of subdivision, and when the objective is to modify the population substructure, Leroy et al. (2013) (and comments made by Goyache et al.) recommended the use of effective size based on coancestry (NeCi). In the study of Faria et al. (2010) , the effective population size of the BRA breed was calculated based on the inbreeding rate between two successive generations.
In the GIR breed, the current average inbreeding (Table 1) was lower than that observed by Faria et al. (2009) for animals born between 1994 and 1998 (2.28%) and by Reis Filho et al. (2010) for animals of the Dairy Gir subpopulation born between 1966 and 2003 (2.82%). The degree of nonrandom mating in the GIR breed decreased drastically after 1998 (Fig. 1) , probably as a result of the increase in genetic exchanges between herds (dual purpose and milk) and of the more intensive use of sires derived from the milk breeding program as indicated by Santana et al. (2014) . This fact can also be confirmed by the observation of a reduction in the number of equivalent subpopulations (Fig. 3) . A decrease in the average level of inbreeding and an increase in coancestry were observed in the GIR breed during the same period. Consequently, NeFi tended to increase and NeCi decreased. The effective population sizes reported in the literature are calculated mainly for regional samples or GIR subpopulations using methods based on the inbreeding rate between successive generations, sex ratio or even variance of progeny size, a fact impairing appropriate comparisons with the results obtained here. Among more recent studies, Reis Filho et al. (2010) , studying the Dairy Gir subpopulation, reported an effective population size close to 100 for animals born between 2002 and 2003.
The average inbreeding in the GUZ breed tended to increase. The same was observed for mean coancestry. Faria et al. (2009) also found a trend towards an increase in the average level of inbreeding in GUZ cattle between 1979 (0.64%) and 1998 (1.37%). The degree of nonrandom mating in this breed showed a slight trend towards an increase in recent years ( Fig. 1) , while the number of equivalent subpopulations remained practically constant (Fig. 3) . As a possible result of the establishment of the Breeding Program in GUZ at around 1994, the massive use of artificial insemination may have contributed to the reduction of inbreeding and population subdivision between 1997 and 2003. Nevertheless, the GUZ population is currently structured, a finding that can be explained by the subdivision of the population into herds selected for milk or meat, or both. Matings in this population still occur most frequently within subpopulations, groups of herds with similar breeding policy and breeding goals. The effective population sizes in the GUZ breed tended to be similar over the last few years (Fig. 3) as a result of the approximation observed between inbreeding and coancestry values (Fig. 3) . The NeFi obtained here (Table 1 ) was similar to that reported by other authors for different periods (Faria et al., 2009; Peixoto et al., 2010) .
The average inbreeding in recent years was much higher for the IND breed compared to the other Zebu breeds studied (Table 1) . In IND, inbreeding as well as coancestry and the degree of nonrandom mating tended to increase over the years, and inbreeding was always higher than coancestry (Fig. 1) . However, fluctuations in average inbreeding and in the degree of nonrandom mating were observed, whereas coancestry remained relatively stable. According to Cervantes et al. (2011) and Leroy et al. (2013) , inbreeding is a parameter that is sensitive to pedigree knowledge and can be greatly affected by the subdivision of a population. As shown in Fig. S1 , there was a certain irregularity in the number of ECG in the IND breed over the last few years and, according to Fig. 3 , IND is a highly structured population. Although it can also be a sampling effect related to the reduction in the population size, the drastic reduction (Fig. S1 ) probably also contributed to the decrease in the number of equivalent subpopulations seen in recent years (Fig. 3) , since part of the herds of the breed ceased to exist or simply do no longer register their animals. Taken together, these factors resulted in the maintenance of NeFi at a lower level and in a consistent reduction of NeCi (Fig. 3) . Vercesi et al. (2002a) obtained an effective population size based on the inbreeding rate between two successive generations of 40 between 1984 and 1998 (Table 1 ; Fig. 3 ). In contrast, Carneiro et al. (2009) reported an effective population size based on the inbreeding rate between two successive generations of 26 between 1998 and 2000 for the IND subpopulation from the northeastern region of Brazil. These different estimates demonstrate that the higher level of inbreeding in this breed is a historical problem and that little has been done so far to reverse this situation. In contrast to the low estimate of NeFi, NeCi was much higher in recent years (about 200) (Table 1) . Therefore, since IND is a highly structured population, NeCi would be the most indicated parameter to infer on the true status of genetic diversity in this population. On the basis of NeCi, the possible loss of genetic diversity in this population would be a secondary problem in view of the reduction in its census and intensive use of matings within subpopulations. In the IND case, we do not reject the hypothesis that there is a Wahlund effect due to limited exchange of breeding animals across herds.
Similar to GIR, in NEL, SIN and TAB, coancestry has exceeded or tends to exceeds average inbreeding in recent years, parallel to a reduction or maintenance of the degree of nonrandom mating close to zero (Fig. 1) . NEL cattle are the most successful beef cattle breed in Brazil and constant expansion of the breed is expected. In this respect, genetic evaluation programs based on BLUP have been established for this breed as well as wide use of AI. The average level of inbreeding in NEL has been under relative control for at least three decades, as indicated by the finding that the mean F was almost always less than 3% (Fig. 1) . On the basis of the number of equivalent subpopulations, the NEL population is found to be weakly structured (Table 1) . This also reinforces the idea that there is extensive genetic exchange across herds in NEL. Despite the existence of different herds restricted to polled animals, matings do not always occur within subpopulations. The effective population sizes of the NEL breed differed widely between 1964 and 1976, probably because of less pedigree knowledge, the smaller number of registered animals at that time, and the greater subdivision of the population (Fig. 3) . In subsequent years, NeCi remained practically constant and always at a higher level than NeFi. The NeFi has remained relatively constant for many years and has increased in recent years probably because of the small reduction in the average level of inbreeding observed in the NEL breed between 2000 and 2009 (Fig. 3) . The period after 2000 was characterized by a degree of nonrandom mating of practically zero and by a number of equivalent subpopulations close to 1 (Fig. 1 ). An interesting observation in the SIN breed was the drastic reduction of average inbreeding in the last decade, as well as of the degree of nonrandom mating (Fig. 1) . The registration of purebred SIN by the Brazilian Association of Zebu Breeders was stopped due to technical reasons between 1974 and 2001. This may have favored the inclusion of new founders (individuals without parent known) in the official herd book. Both NeFi and NeCi were lower than the estimates of these parameters for the other Zebu breeds (Table 1) ; however, these parameters showed an important increase over the last few years influenced by the recent reduction of inbreeding and coancestry (Figs. 1 and 3) . Despite the recent reduction in the number of equivalent subpopulations, SIN continues to be one of the most structured Zebu breeds in Brazil (Table 1 ; Fig. 3 ). On the other hand, the reduction in the parameters cited above demonstrates a certain change in the management of matings within the breed over the last few years. The SIN population should continue to suffer changes in parameters such as inbreeding and also in its structure, considering the implementation of a progeny test in 2011 and the fact that semen commercialization increased by about 265% over 2010-2012 according to Brazilian Association of Artificial Insemination. All of these factors should promote a greater genetic exchange between herds of this breed in the coming years.
In the TAB breed, NeFi and NeCi were much higher than the estimate obtained by Vercesi et al. (2002b Vercesi et al. ( ) between 1994 Vercesi et al. ( and 1998 . The divergences between these estimates are mainly due to differences in the methods used to calculate the effective population size, the period studied, and the amount of information used. In contrast, there was agreement between the average inbreeding reported by Vercesi et al. (2002b Vercesi et al. ( ) (1.6% between 1994 Vercesi et al. ( and 1998 and the estimate obtained for the current reference population (1.9%). The fact that the TAB breed was formed in Brazil by crossings between Zebu breeds and breeds of European origin, in addition to the lesser knowledge of its pedigree, may have favored the lower inbreeding coefficient and mean coancestry obtained when compared to the other breeds (Table 1) . Although the number of equivalent subpopulations has decreased in recent years, TAB continues to be a structured population (Table 1, Fig. 3) .
A reduced number of genome equivalents and effective number of ancestors and founders in Zebu breeds has been reported by Faria et al. (2002) for the period from 1994 to 1998 for GIR (132, 211, and 284, respectively) , IND (65, 107, and 180), NEL (26, 34, and 38) , SIN (7, 9, and 16), and TAB (61, 78, and 111) . Except for the SIN breed, all estimates reported by Faria et al. (2002) were lower than those obtained in the present study. According to these authors, the intensive use of few individuals as breeding animals was a major cause for the reduced estimates of the parameters cited above. Zavarez et al. (2015) invetigated the distribution of autozygosity levels based on runs of homozygosity of NEL cows and concluded that the signatures of selection were also probably 
